Coping behavior is of critical importance in diabetes because of its impact upon self-care and hence eventual medical outcome. We examined how coping behavior and its relationship to personality, diabetes health threat communication (DHTC) and illness representations changes after diagnosis of diabetes. Newly diagnosed diabetic patients were assessed after diagnosis and at 6, 12 and 24 months using the DHTC, Illness Perceptions and Coping inventory questionnaires. Personality traits were assessed at baseline. Active coping, planning, positive reinterpretation and growth (PRG), seeking emotional and instrumental (social) support decreased over the 2 years from diagnosis while passive acceptance increased. Openness/intellect and conscientiousness traits were associated with active coping and seeking instrumental support. Openness/intellect also associated with planning and PRG. These relationships did not vary over time. Perceived threat and serious consequences were associated with active coping but the effect diminished over time. Illness coherence (understanding of diabetes), personal and treatment control were associated with active coping, planning and seeking instrumental support and did not change over time. The coping strategies most commonly employed by diabetic patients are adaptive. Coping behavior changes over the 2 years from diagnosis. Promoting better understanding of diabetes, perceptions of personal control and treatment effectiveness are more likely than perception of health threat to sustain adaptive problem focused coping behavior.
Introduction
Diabetes often has few symptoms yet most patients have some, if limited, awareness of the potential for serious complications in the long term. Thus, despite the lack of overt effect on physical health diabetes often has substantial psychological impact to which individuals must adjust. 1 The term coping behaviors refers to responses the individual makes to their diagnosis. Leventhal's Self Regulatory Model or Common Sense Model (CSM) postulates coping behaviors are determined by the individual's illness representations (IRs, Personal Models) meaning their beliefs about their diabetes, which in turn are determined by a variety of fixed traits (personality) and external influences (social, educational). 2 Coping behavior will change with reappraisal. 3 The consequent coping strategies may be classified broadly as active versus passive or problem focused versus emotion focused (meaning dealing with the emotion rather than the objective medical condition). The effectiveness of one strategy over another depends on the stressor. For better self-management of diabetes active problem focused coping, where the issue is directly addressed such as by seeking professional help, is more likely to be successful than emotion focused by the expression of anger, use of alcohol, illicit drugs or denial. Control of emotional symptoms may be important but active problem focused coping is associated with less psychological distress as well as better medical outcome. 4 Studies of patients with chronic pain, spinal cord injury and irritable bowel syndrome suggest that coping behaviors change little over periods of six months to two years, [5] [6] [7] [8] but little is known about the coping strategies of newly diagnosed diabetes patients and how initial coping alters over time. IRs have been shown to change after the diagnosis of diabetes with increasing illness coherence and reducing emotional response. 9, 10 Thus, it is important to understand what changes in coping behavior occur following this and the relationship to factors which influence IRs (demographic factors, personality and perceived health threat). Personality and social and environmental factors may not change but their relationship to coping behavior may alter over time. Also, very differing emotional responses occur. 11 These can dominate behavior adversely as shown in qualitative work. 12 Emotional responses are associated principally with perception of health threat. 13 We therefore developed the DHTC to measure this parameter. 14 The period immediately after diagnosis is likely to be the time of maximum psychological impact. Perceived threat (measured by DHTC questionnaire) at diagnosis remains a major influence on emotional responses measured 2 years afterwards. 10 The CSM predicts that this effect on IRs would translate into altered coping behavior. This is also the time when patients generally receive formal diabetes education. The manner in which this is provided will influence the development of health beliefs (IRs) and hence coping behaviors in the initial years and is therefore potentially critical.
Specific aims
The specific aims are: i) to characterize changes in coping behavior over two years from the diagnosis of diabetes; ii) to assess the relationship of social and environmental factors, personality, perceived health threat and illness representations to the changes in coping over this period.
This analysis may suggest interventions to achieve more adaptive coping behavior.
Materials and Methods

Patients and questionnaires
Ethical approval was obtained. Precepts of the Declaration of Helsinki were followed. Patients newly diagnosed with diabetes were recruited over 15 months from hospital clinics (26% of those completing the study) at 3 centers and by practice nurses in primary care (74%). All subjects had their baseline interview within 3 months of diagnosis of diabetes. Follow up visits were at 6, 12 and 24 months from baseline, all conducted by the same researcher (VL 14 This comprises two factors: reassurance (α=0.85-0.87 at the 4 time points) and threat (α=0.66-0.73). We assessed illness perceptions using the revised Illness Perception Questionnaire (IPQ-R). 17 The IR domains are: symptoms (α=0.78-0.82), internal cause (α=0.82-0.86) referring to the patient's own behavior being responsible, consequences (α=0.54-0.58) for the patient's life in general, personal control (α=0.76-0.87) over the illness, treatment control (α=0.65-0.76) by therapy, professionals and the NHS, time-line (α=0.78-0.81) assessing variability and predictability of the condition, illness coherence (α=0.84-0.89) meaning the patient's perception of understanding of the condition and emotions (α=0.80-0.88) : anxiety, depression, anger and fear. Coping behaviors were assessed using the situational version of the COPE inventory. 18 The following coping behaviors were studied over 2 years: active coping (α=0.71-0.76) meaning taking action to remove or circumvent the stressor, planning (α=0.83-0.86) how to confront the problem, seeking instrumental support (α=0.74-0.79): assistance or advice from any relevant source, seeking emotional support (α=0.72-0.81), positive reinterpretation and growth (PRG, α=0.74-0.80) meaning making the best of a situation by reviewing it more favorably and acceptance (α=0.78-0.83) meaning accepting the condition is real but without necessarily taking action.
Given the stability of personality traits over time the Mini-markers were administered at baseline only. 19 The DHTC questionnaire, IPQ-R and COPE were administered at baseline, 6, 12 and 24 months after the diagnosis of diabetes. All questions are scored on a numerical scale and a mean score obtained for the factor for each subject.
Statistical methods
To examine changes in coping over time and determine the association of the static baseline factors (type of diabetes, age, gender, presence of partner, educational level) with the coping response variables, General Linear Mixed Models using Restricted Maximum Likelihood (REML) were used (Genstat, VSN International, Hemel Hempstead, UK). Since observations are irregularly spaced in time (0, 6, 12 & 24 months) conventional repeated measures analysis would be less appropriate. Profile plots were used to illustrate the influence of significant categorical demographic variables on coping measures. These highlight how different levels of the demographic factors associated with differences in behavior. The relationship of each of the 5 personality factors with coping was modeled similarly using REML analysis. To assess the influence of reassurance/threat and of the illness representations on coping behavior, separate models were constructed using data from all four time points. This yields regression covariates that change over time and so are not constant throughout the study. These are often described as timevarying covariates. This is in contrast to the static baseline variables mentioned earlier. All covariates were estimated as fixed effects in the model and have the following interpretation. For the main effects and a coping score treated as a continuous outcome, the coefficients reflect the mean change in the baseline level of the outcome variable (coping behavior) with one unit change in the independent variable. For categorical variables (e.g. educational level) we can investigate how the baseline level of the outcome compares to a reference category (the lowest of the 4 educational categories). Where there was significant interaction with time the coefficients give monthly changes in the response with one unit change in the independent variable. The fixed coefficient for a time-varying covariate represents a combination of two types of co-variation: i) main effect (overall different level of response) and ii) time interaction (a changing response over time). A power model with the property that the correlation depends on the distance between the time points was used to capture the correlation structure of the repeated measurements and thereby take account of the irregularly spaced nature of the data. The variance of the observations increased over time. This was directly modeled by specifying heterogeneity to be introduced into the power model. Changes in the deviance indicated that the heterogeneous power model provided a better fit to the variance structure. For these analyses Genstat imputes any missing value of a continuous score with the mean. We assume missing observations are missing at random. It is known that the linear mixed model is fairly robust towards misspecification of certain parts of the model, though residual diagnostic plots revealed the models to be a reasonable approximation to the data. 
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Results
Changes in coping strategies over time Table 1 shows mean scores for the COPE domains at baseline, 6, 12 and 24 months. Only the first six coping behaviors listed are included in the following analyses owing to infrequent use of the remainder. In each of the subsequent saturated models all these six coping strategies changed significantly over the two years from diagnosis: acceptance increased (P<0.02) but planning (P<0.001), active coping (P<0.035), seeking instrumental support (P<0.02), seeking emotional support (P<0.02) and trying to see diabetes in a positive way (PRG, P=0.002) decreased.
A saturated model was fitted to assess the relationship of age, gender, type of diabetes, living with partner and educational level to each of the six coping scores. Type of diabetes bore no relationship to any coping behavior. Age was associated with seeking less emotional support (β=-0.026, P=0.003), less instrumental support (β=-0.008, P=0.049) and less PRG (β=-0.016, P=0.009). Higher educational level was associated with more planning (P=0.005) and more PRG (P=0.002). Age (P<0.001), gender (P=0.037) and presence of partner (P=0.011) were associated with changes in acceptance over time (interactions significant). The age by time interaction was significant because of a positive association with age at 6 months but less acceptance with age at 1 and 2 years. For categorical demographic factors we generated profile plots where there were significant differences between the categories in use of acceptance as a coping strategy. These show large differences at baseline for gender and partner/no partner with opposite trajectories over time (Figure 1 ). Educational background influenced the level of Planning and PRG scores, but the shape of the profiles over time is similar across the four groups ( Figure 2 ) consistent with the finding of no significant educational level versus time interaction. Table 2 shows the relationship of personality and perceptions of reassurance and threat with coping over 2 years. Neuroticism did not relate significantly to any of the six coping strategies. Table 3 shows the relationship between IRs and the 6 coping behaviors. Risk/causation and timeline are not shown because they showed no significant relationships with coping. Table 4 shows effect sizes for changes in coping over time: initial value and absolute changes at 6, 12 and 24 months using the saturated model containing the demographic and medical factors. The regression coefficients indicate change from baseline. For acceptance, the significant increase occurred at 12 months. For seeking emotional 
Discussion
Use of coping behaviors
After diagnosis of diabetes passive acceptance was used more than other coping strategies and this was evident up to two years post diagnosis. Acceptance is important with an incurable longterm condition where the stressor must be accommodated. Acceptance alone is less helpful when the stressor is amenable to change. Consistent with previous work our subjects used problem-focused coping eg planning, active coping and gaining instrumental support to a greater extent than passive/emotional and avoidance coping (as listed in Table 1 ). 1, 20 Problemfocused coping and acceptance is associated with better functioning but individuals with long-term conditions often use both problemfocused and emotion-focused coping. 20, 21 Our patients frequently sought emotional support. Carver, Scheier & Weintraub have described seeking emotional support as a double-edged sword. 18 The reassurance gained from receiving emotional support may encourage a return to problem-focused coping. But if used only as an outlet for expressing negative emotions it may be less adaptive. Redefining the problem in a positive way (PRG), may be used to manage distressing emotions and can lead to active problem-focused coping responses. In the current study many patients highlighted positive consequences associated with a diagnosis of diabetes including improved diet and lifestyle. Since PRG and seeking emotional support were used in conjunction with problem-focused coping, we have interpreted these two coping strategies as being effective (adaptive) strategies potentially contributing to diabetes management.
Changes in coping over two years following diagnosis of diabetes
Acceptance increased over the 2-years following diagnosis of diabetes with the largest change at 1 year. Seeking emotional support progressively reduced. Our research has shown that emotional representations of this patient group decrease and understanding of diabetes (illness coherence) increases over time. 10 The reduction in planning, PRG and seeking instrumental support at 6 months suggests behaviour patterns may be established by this stage.
Differences in coping according to demographic factors
There were significant differences within Relationship of personality traits, reassurance and threat to coping behaviors over time. Significant results only are shown. None of the personality factors or reassurance showed significant interaction with time. Significant interaction between threat and time generates a standardized coefficient for each time point in relation to the baseline (at diagnosis) measurement. The relationships between illness representations and coping over time. Significant results only are shown. Significant interactions generate a standardized coefficient for each time point in relation to the baseline (at diagnosis) measurement. Coping behaviors: summary of baseline value (the minimum score of 1 means do not do this at all; the maximum score of 4 means do this a lot) and effect sizes (change in score from baseline) over time using the saturated model containing the demographic and medical factors. * P<0.01, ** P<0.05.
the group in terms of the use of acceptance as a coping strategy. The use of acceptance as a coping strategy followed a different trajectory for those with and without partners at baseline. People living with a partner were less likely to accept their diabetes immediately after diagnosis but acceptance increased over time. In contrast, acceptance decreased over the first year in patients without a partner. With no supportive partner to encourage and reinforce recommended lifestyle changes, especially in the absence of symptoms, patients may be more likely to ignore their diabetes. Males were more likely than females to accept their diabetes initially. Females have been shown to react with more emotion focused coping and avoidance than men. 22 However, by 6 months scores had leveled out. Acceptance scores for all groups were relatively high. Older patients were less likely to seek instrumental support, use PRG and seek emotional support over time. The elderly may minimize health risk. 23 Others suggest older people with a long-term condition and those with lower educational level use more avoidant and/or emotion-focused coping. 1 Profile plots for the 4 educational groups showed that people with a degree were more likely to use planning to cope with diabetes. Those who had not achieved GCSE level (or equivalent) were less likely than the other groups to plan or attempt to view their diabetes in a positive way. The profile plots (Growth curve modeling) showed no differences in coping over time between those with type 1 and those with type 2 diabetes. Previous studies have shown type 1 diabetes was associated with more symptoms and type 2 diabetes with more internal cause (self-blame) but otherwise no difference in illness perceptions between type 1 and type 2 diabetes. 10 There were no differences in perceptions of personal control, treatment effectiveness or consequences between patients with type 1 and type 2 diabetes. Consequently it is unsurprising that there was no difference in coping behavior with type of diabetes. The initial symptoms of type 1 diabetes do not seem to influence perceptions of diabetes or behavior. Conclusions with respect to type of diabetes should be treated with caution owing to the relatively small number of type 1 diabetic patients.
Changes in coping according to personality
Openness/intellect was associated with use of adaptive coping strategies. This trait is felt to reflect a more flexible, imaginative and intellectually curious outlook which could contribute to the coping behaviors seen here. 24 Perhaps surprisingly, conscientiousness showed weaker association with active coping and seeking (instrumental) support e.g. from friends, family or professionals. One would expect these traits to be associated with adaptive coping and hence better control of diabetes, however, Lane et al. were unable to show a relationship with glycemic control but conscientiousness has been shown to be associated with slower decline in renal function in diabetes, presumably due to better self-care. 25, 26 Those scoring high for agreeableness might be expected to show acceptance, more positive reinterpretation and to undertake the active measures advised and they did so. However, this trait was also associated with seeking emotional support which might not have been anticipated. Agreeableness showed the strongest association with adaptive coping. Booth-Kewley & Vickers found conscientiousness and agreeableness to be important determinants of health behavior. 27 In our analysis neuroticism showed no association with coping behaviors. In general, neuroticism has been consistently associated with passive and ineffectual coping behaviors. Surprisingly, Lane et al. found more neuroticism associated with better glycemic control. 25 However, in a comparison of models in young adults with type 1 diabetes, Skinner et al found emotional stability positively influenced selfcare through the IR of perceived threat and that conscientiousness influences self-care through its influence on the perception of treatment effectiveness. 28 Personality traits were an important influence on coping behavior but these relationships did not vary over time. We were unable to assess relationships to maladaptive coping strategies (denial, venting emotions, mental/behavioral disengagement, use of alcohol, drugs or humor) due to low use of these coping behaviors.
Changes in coping according to health threat communication
Perceived threat showed strong association with active coping, seeking emotional and instrumental support, planning and PRG. We interpret this constellation of coping behaviors as an adaptive approach to the medical condition. However, active coping in response to perceived threat significantly declined from baseline when assessed at 6, 12 and 24 months. This change over time is mirrored by the active coping response to perceived consequences which also declined suggesting that the health threat is perceived less severe and becomes less motivating over time. It seems likely that the DHTC threat domain and the IPQ-R consequences domain measure similar constructs. However, health threat as measured by the DHTC is more focused on diabetes and its complications whereas IPQ-R includes financial consequences and effects on family. 14, 17 Woodcock & Kinmonth showed that professionals underestimate patients' fear of the consequences of diabetes in the first year after diagnosis. 29 We found that patients coping response to both perceived threat and consequences progressively declines.
Changes in coping according to illness representations (patient's health beliefs)
The CSM suggests a close relationship between IRs and coping. In the present analysis we show that illness coherence (understanding of diabetes), symptoms, personal and treatment control relate closely to the six coping behaviors most commonly used by diabetic patients. Illness coherence, personal and treatment control especially are associated positively with adaptive coping. Interestingly, more symptoms associated with less active coping but seeking more emotional support suggesting symptoms may result in a less adaptive approach.
In previous analysis, perceptions of symptoms, consequences, time-line, and control of diabetes remained stable after diagnosis of diabetes. 10 Emotional responses to diabetes decreased and illness coherence increased. Although coherence here had a positive association with all 6 coping behaviors over the 2 years only acceptance showed a significant increase. Thus, intervention may be of value to maintain and increase adaptive coping behaviors. Emotional reaction was associated with less active coping, less acceptance and over time less PRG. Perceptions of serious consequences were associated with active coping but this became less so over the 2 year period. Thus, neither emotional response nor perceptions of serious consequences seem particularly helpful over time.
The relationships demonstrated here between individual IRs and specific coping behaviors provide further support for the validity of the CSM. Furthermore, these relationships give some insight into the relative contributions of rational objective versus emotional representations to the coping behaviors adopted.
Conclusions
Practice implications
The significance of these data relates to the implications for intervention to increase adaptive coping behavior over time in patients with diabetes. Demographic factors have some relevance: those with lower educational achievement need more support with planning and, importantly, in taking a positive approach to their condition. The relationship between openness/intellect and adaptive coping reflects this also. Identification of and support for those with significant emotional response might limit its adverse effect on active coping. The reduction in the influence of threat and perceived serious consequences over time indicates that practitioners cannot rely on these factors to support adaptive coping. More sustained success is likely to come from aiding greater understanding of diabetes and improving perceptions of personal and treatment control in our patients since these were positively associated with adaptive coping without change over time. A variety of interventions have been tried in both type 1 and type 2 diabetes but generally without psychometric assessment beforehand and with varying success. 30 Demographic factors, personality, perceptions of health threat and consequent illness representations differ between patients such that an individualized approach is needed.
Strengths and limitations
Strengths are the longitudinal design over two years and the low attrition rate such that the dataset is relatively complete. The focus was changes over time in higher order coping behaviors. A limitation is that these are not diabetes specific and can only be related to selfcare in diabetes in general terms. The finding that adaptive coping is more prevalent than maladaptive meant that our numbers were insufficient to draw conclusions about maladaptive behavior and neuroticism. We cannot draw firm conclusions about type 1 diabetes independently of type 2 because of small numbers although in other studies we have found little difference in IRs according to type of diabetes. Future work should try to relate coping behavior to the outcome measure of glycemic control.
